Random amplification of polymorphic DNA polymerase chain reaction (RAPD-PCR) was carried out to assess the genetic diversity of five new microsporidian isolates viz., NIWB-11bp, NIWB-12n, NIWB-13md, NIWB-14b and NIWB-15mb identified from the silkworms. A type species, NIK-1s_mys was used as control for comparison. Differences in the spore shape, length and width were observed. Of the 30 decamer random primers tested, 22 primers gave repeatable RAPD profiles and yielded a total of 143 fragments, of which 78 were polymorphic (55%). The resulting data was used to derive genetic similarity values for constructing a dendrogram. The neighbour joining method based on Dice coefficients indicate a major cluster comprising NIK-1s_mys, NIWB-11bp and NIWB-12n, whereas NIWB-13md, NIWB-14b and NIWB-15mb appear to be different from each other as well from the major cluster mentioned above which includes the type species (NIK-1s_mys). Based on the reproducibility of RAPD profiles, we are able to identify these microsporidians as different isolates. The RAPD technique may be useful in detecting sources of infection of this economically important domestic insect.
Introduction
The microsporidia are a group of diverse spore-forming obligatory intracellular parasitic amitochondrial pathogens belonging to the phylum Microspora, which include more than 1200 formally described species belonging to 143 genera (Sprague 1977) and its host range spans a broad range of invertebrates and vertebrates including insects, fishes, and mammals, as well as small number of protists (Weiss 2001 , Hoffman et al. 2003 . Microsporidia are eukaryotes with distinct nucleus and nuclear envelop, but they do not have centrioles or mitochondria, and are considered unique among the eukaryotes Woese 1986, Vossbrinck et al. 1987) . Earlier the microsporidia was placed under the kingdom of Protista. However, recent phylogenetic analysis using α and β tubulins, rRNA genes and Hsp 70, now suggest that microsporidia are more closely related to fungi (Hirt et al. 1997 , Keeling 2003 .
Among many diseases that affect the mulberry silkworm, Bombyx mori, the disease caused by the microsporidian Nosema bombycis is the most devastating, since it inflicts severe cocoon crop loss and it is passed on to the next generation transovarially. In fact the first identified microsporidian i.e., Nosema bombycis Nageli (Nageli 1857) from the mulberry silkworm was the most dreaded pathogen causing "pebrine" disease that devastated the silk industry in France during the mid 19th century. Among the microsporidian species described so far, at least 200 have been assigned to the genus Nosema (Sprague 1981) . This seemingly disproportionate number of Nosema species could be due to incorrect identification in part as well. Many of the earlier studies on microsporidia based on morphology, ultrastructure, life cycle features and host-parasite relationship have resulted in the unnecessary creation of a large number of new Nosema species (Rao et al. 2004) . The microsporidia lack enough characters at the light microscopic level to be useful *Corresponding author: surendra_45@yahoo.co.in B. Surendra Nath et al. 334 for classification and these studies for taxonomic purpose have come into question. The difficulties of proper identification of a Nosema species, even when detailed studies on infection and extensive light and electron microscopic examinations are carried out, are well illustrated by various authors (Mercer and Wigley 1987 , Raynaud et al. 1998 , Muller et al. 1999 . The significance of these ultrastructural differences was replaced by phylogenetic relationships based on DNA marker profiles. Phylogenetic reconstruction based upon random amplified polymorphic DNA (RAPD) is now being used to classify the microsporidia (Tsai et al. 2003 , Rao et al. 2007 . Since no work has been done using molecular markers in microsporidian isolates from different silkworms reared in the State of West Bengal, India to produce commercial silk, an attempt has been made to know the genetic diversity and phylogenetic relationships using RAPD markers.
Materials and methods

Microsporidian spores
Five different microsporidians were originally collected from individual infected silkmoths during 2007-2009 from different potentially important sericulture farms viz., Berhampore, Nadia, Malda, Birbhum and Murshidabad in the State of West Bengal, India. Each of the purified microsporidian isolates and the type species, N. bombycis (NIK-1s_mys, type species) were maintained in vivo in isolation, through per oral inoculation in laboratory reared silkworm larvae (Nistari silkworm strain) and designated them as NIK-1s_mys, NIWB-11bp, NIWB-12n, NIWB-13md, NIWB-14b and NIWB-15mb. The spores were isolated from infected fifth-instar silkworms by maceration and suspended them in 0.85% NaCl followed by filtration through a cheese cloth and centrifugation at 3000 r/min for 10 min. The spore pellet was percoll purified by gradient centrifugation. The details on microsporidian isolates, their host and places of collection are presented in Table I .
DNA extraction and purification
Genomic DNA was extracted from the sporoplasms discharged from spores using the glass bead method described by Undeen and Cockburn (1989) . DNA concentration and quality was determined both by spectrophotometry at 260 and 280 nm and on 0.8% agarose gel, using a known quantity of λDNA (10 ng/μl) as a standard before use in subsequent PCRs. Any possibility of host DNA contamination was checked using insect mitochondrial primers. A working solution of DNA (10 ng/μl) was prepared in sterile autoclaved double distilled water.
PCR amplification of the DNA with RAPD primers
PCR reactions were performed according to the protocols of Welsh and McClelland (1990) and Williams et al. (1990) .
A total of 30 RAPD primers (UBC primer set # 100/8, University of British Columbia, Vancouver, Canada) were used for PCR amplification. The PCR amplifications were carried out in MJ Research Thermal Cycler PTC-200 (MJ Research Inc. Watertown, Mass.), in 20 μl reaction mixture containing approximately 30 ng template DNA, 0.2 μM of a single primer, 200 μM each dNTP's (Fermentas Life Sciences, Vilnius, Lithuania) and 1U of Taq DNA polymerase in 1 × PCR buffer. Amplification reactions were carried out for 35 cycles after an initial denaturation for 3 min at 93°C. Each PCR cycle comprised three steps: denaturation at 93°C for 1 min, annealing at 36°C for 1 min and extension at 72°C for 2 min with a final extension of 10 min at 72°C. The amplified PCR products were size fractionated by electrophoresis on 1.5% agarose gel (Promega corporation, Madison, USA) in 1 × Tris borate EDTA buffer and gels were stained with ethidium bromide (0.5 μg/ml) for 30 min. A standard molecular weight marker (Mass ruler DNA ladder, Fermentas Life Sciences, Vilnius, Lithuania) was used in each electrophoretic run and the UV transilluminated gels (Fig. 1) were photographed by using Gel Documentation System (Syngene Corporation, Cambridge, U.K). Experiments were carried out in triplicate on different occasions to verify the reproducibility of markers.
Molecular data analysis
Unequivocally reproducible RAPD markers across the six microsporidian isolates were scored by comparison with DNA size marker run on the same gel and entered into a binary character matrix (1 for presence and 0 for absence). For genetic distance analysis, the NTSYS-pc version 2.11T computer program (Applied Biostatistics, Setauket, New York) was used. The data were analyzed using the SIMQUAL (similarity for qualitative data) method to generate similarity/genetic distance among different microsporidian isolates using the Dice coefficients (Dice 1945 ) (S = 2N ab / (2N ab +N a +N b ) , where N ab is the number of bands common to lanes a and b, N a is the total number of bands present in a, and N b is the total number of bands in lane b (Nei and Li 1979) . The Dice similarity coefficients were then used to construct a dendrogram using the neighbour joining method using the SAHN (sequential, agglomerative, hierarchical, and nested clustering) module. To evaluate the robustness of the obtained neighbour joining based dendrogram and their confidence limits, bootstrapping with 1000 replications was performed using the software WINBOOT developed at IRRI, Manila, Philippines (Yap and Nelson 1996) .
Results and discussion
The microsporidian isolates identified from different sericulturally potential regions of West Bengal, India were obligatory intracellular parasites. The spore of NIK-1s_mys (type species) is oval in shape measuring 3.80 µm in length and 2.60
Genetic diversity of microsporidians infecting silkworms 335 µm in width (Table I) . It is similar to the type species N. bombycis maintained at Sericultural Experimentation Station, Tokyo, Japan with GenBank accession number D85503. The spore shape of other isolates is oval to ovo-cylindrical measuring 3.22-3.94 µm in length and 1.95-2.56 µm in width (Table I) . Takizawa et al. (1975) , Sato et al. (1982) , Rao et al. (2007) reported in detail the structure, shape and size of different isolates/species of microsporidians identified from the silkworms.
The difficulties of proper identification of microsporidians using ultrastructural studies are well demonstrated by various researchers (Mercer and Wigley 1987 , Raynaud et al. 1998 , Muller et al. 1999 . The molecular markers successfully developed during the last two decades have largely overcome the problems that are associated with systematic classification of various organisms. Initially restriction endonucleases or restriction fragment length polymorphism (RFLPs) (Undeen and Cockburn 1989 , Didier et al. 1995 , Fedorko et al. 1995 served as reliable markers for genetic analysis. But PCR based technique developed in recent years like RAPD technique for development of DNA markers was found to be sensitive and easier method for reproducibility and analysis.
In the present study, the genomic DNA from six microsporidian isolates viz., NIK-1s_mys, NIWB-11bp, NIWB- 12n, NIWB-13md, NIWB-14b and NIWB-15mb isolated from mulberry silkworms were used to generate RAPD-PCR amplification patterns. Thirty RAPD primers were tested for PCR amplification with all six Nosema isolates. Of those, 22 that produced good amplification products were chosen for RAPD fingerprinting and analysis. Each of the random primers produced clear polymorphic banding patterns in all of the microsporidians examined. Amplified products with primers UBC-703 and UBC-726 are depicted in Figure 1 . All the six microsporidian isolates were quite apart in their RAPD profiles. The size of the amplified products ranged from 450 to 5000 bp (Table II) . A total number of 143 RAPD fragments were generated by the 22 primers, of which 55% were polymorphic (Table II) . The fingerprinting patterns of the six microsporidian isolates analyzed with various RAPD primers (Table II) were used to calculate values of genetic similarity matrix among all the isolates with Dice coefficient (Dice 1945) . The relationship among the six isolates of Nosema, as revealed by genetic similarity distances from RAPD data, varied from 0.691 to 0.963 (Table III) . The genetic similarity matrix based on RAPD data is graphically represented as dendrogram using the neighbour joining method (Fig. 2) . In this dendrogram, the microsporidian isolates were grouped into one major cluster comprising NIK-1s_mys (type species), NIWB-11bp and NIWB-12n. The remaining isolates viz., NIWB-14b, NIWB-15mb and NIWB-13md were found to be entirely very distant from each other as well as from the other microsporidian isolates (Fig. 2) , indicating their higher genetic distinctness from other isolates. The RAPD profiles in the present study clearly delineated five microsporidian isolates with good bootstrap confidence values from N. bombycis. Thus, the capability of RAPD to discriminate the different microsporidian isolates was evident. Mathis et al. (1997) , Tsai et al. (2003) and Rao et al. (2007) used RAPD markers for the genetic characterization and identification of microsporidians. The sharp demarcation of microsporidian isolates in their phylogenetic relationships using RAPD confirms their clear genetic distinctness on a sample of markers that are considered to be representative of the overall genome variation. Thus the molecular tools including RAPD-PCR analysis have become alternative and may facilitate more useful in genetic diversity studies of different microsporidians infecting various organisms, since this technique requires only a small amount of genomic DNA and can produce high levels of polymorphism.
In conclusion, it is observed that RAPD-PCR is found to be very useful easier approach and a valuable addition to available methods, such as RFLP and SSU-rRNA sequence analysis, to characterize and resolving genetic variations among closely related microsporidian isolates.
